INTRODUCTION
Bacillus mycoides was first described by Fliigge in 1886. Since that time it has been the subject of numerous investigations and there are few species of non-pathogenic bacteria which are so well known. Our knowledge of its morphological and physiological characteristics is based principally on the excellent work of Gottheil (1901) , Holzmuller (1909) , Pringsheim (1924) and Nyberg (1927) . Two studies have previously appeared on the subject of dissociation and life cycle, but the results and conclusions are so divergent that still further investigation seems to be necessary. Oesterle and Stahl (1930) studied three typical strains which were subjected to various experimental conditions, including cultivation in unfavorable liquid media and exposure to light or ultraviolet rays. They obtained a great variety of new forms which bore little or no resemblance to the original type and which in the absence of further study would have been assigned to other species, genera, or even families. Some of these were isolated by direct plating methods, from cultures which had been incubated for long periods, while others were derived from the filtrates of such cultures. The list includes chromogenic cocci both red and yellow, small Gram-negative, and large Grampositive bacilli. Some of the variants differed from the type form in motility, absence of spores, and failure to liquefy gelatin. In some cases the variants proved to be stable but, more generally, they reverted to the original when cultivated on agar. Reversion occurred from certain segments only of the agar colonies. Lohnis and Smith (1916) . Small spherical bodies, gonidia, and large yeastlike cocci, gonidiangia were the most prominent cellular elements present in aged cultures. The matrix was designated as symplasm. It is seen that the results and conclusions are in strict accord with the earlier work of Lohnis (1923) and Haag (1927) . Nyberg (1927 Nyberg ( , 1929 studied one strain in detail as to morphological characteristics and several additional strains as to dissociation. His observations and conclusions fail to confirm the findings of Oesterle and Stahl. He noted the same pleomorphism in all old cultures but was not able to conclude that any of the cell types, except the typical rods, reproduced without change in form when transplanted to fresh media. He found no support for Enderlein's (1925) theory of cell cyclogeny, or for the symplastic method of reproduction proposed by Lohnis (1916) . Among the variant colonies which Nyberg obtained from old broth cultures, there were some which resembled the original types but others which were more like the well-known B. vulgatus. In some cases, the new forms proved to be quite stable, but in others they reverted to the original or produced still further variants. He concluded that the typical form which occurs in nature is a hybrid from which new types may arise by the usual method of segregation.
It should be noted that the experimental methods followed in the above investigations are not comparable. Nyberg employed ordinary nutrient solutions from which, by plating out on agar, he obtained the variable types. The method of Oesterle and Stahl was based on the use of unfavorable media or other harmful influences, and long periods of incubation followed by filtration. It does not seem reasonable to believe, however, that such widely divergent results and conclusions can be explained by the different methods employed.
The present investigation is concerned with the questions of pleomorphism, colonial variation, cell cyclogeny, methods of reproduction, and the presence or absence of a filterable phase in the life cycle. It has extended over a period of more than two years and involved the study of four typical strains under various texperimental conditions.
TYPE STRAINS
The strains studied were isolated from soil by means of the usual dilution plate method. Single well-separated colonies of the typical spreading type were selected, from which transfers of a few threads were made to agar tubes. After sporulation occurred, dilution plates were prepared from heated spore suspensions. The final isolations were made by aid of a micromanipulator from single threads which had grown out over the surface. It is believed that this method is sufficiently reliable. Three strains isolated in this manner and one strain obtained from the American Type Culture Collection were included in the experiments.
Before beginning any experimental work, spore suspensions were prepared in neutral buffer solution and stored at low temperature to afford uniform material for inoculations. Dilution plates prepared at intervals from these suspensions failed to show any change in the original colony types.
All of these strains conform to the wide spreading adherent type with spirally arranged rhizoidal threads but obvious differences in the colonies may be noted. Strain A is characterized by rather fine threads in which the spirals turn always to the left ( fig. 7) . The remaining strains can be distinguished readily by the opposite spiral arrangement which also appears to be somewhat less symmetrical. The characteristics of strain B are shown in figures 1, 2 and 9. The threads are more robust and spread less rapidly over the agar. Strain C is shown in figure 8 . The threads are long, slender and more inclined to become tangled together. The American Type Culture is not shown in the illustrations but it resembles closely strain B. It can be distinguished by less spreading growth on agar and by a slight difference in color which, in this case, is bluish while strain B is chalk white.
I. M. LEWIS DISSOCIATION IN BROTH
Although many methods have been described for inducing dissociation, it appears that cultivation in liquid media, either in large volumes or by serial transplants in smaller volumes, has been found the most satisfactory. This method was employed for the preliminary experiment. The medium was plain extract peptone broth of standard formula, reaction pH 7.2. Flasks containing 300 cc. and large test tubes containing 30 cc. were inoculated from cultures which had grown for twenty-four hours on nutrient agar. The cultures were incubated at a temperature of 30°C. From each of the tube cultures, serial transplants were made to fresh broth at intervals of twenty-four hours. Transfers from tube to tube were made with a straight needle after the seed tube had been shaken thoroughly and then allowed to settle for one hour. Poured dilution plates were prepared from each tube of a series at the time of transfer to the next tube. The flasks remained one week before plating. They were then shaken thoroughly, permitted to settle for one hour, and plated by the dilution method.
Dissociation occurred promptly, both in the serially transplanted tubes and in the flasks. During the first twenty-four-hour period, no dissociation occurred, since typical colonies only were recovered from any of the first tubes. It may be noted also that the growth in these tubes was characteristic. It consisted of a tangled thread-like mass deposited at the bottom with no clouding of the broth. When shaken up, the growth settled back quickly to the bottom and the upper layers were practically clear. Microscopic examination showed very long chains of rod-like, Grampositive cells. The second tube of each series gave some variant colonies which could be distinguished from the type form without difficulty. A typical example is shown in figure 2. It may be seen that the variant type resembles the parent strain B in the right hand spiral arrangement but is more compact.
Other types of variant colonies are shown in plates 1 and 2. These will be described in detail in a subsequent section. It suffices to note here that all connections between the typical subtilis and B. vulgatus may be observed. The growth in these tubes appeared to be breaking up into shorter chains which gave a more uniform cloudiness to the broth after standing. Microscopic examination of material from the top layer revealed no differences in size, shape or staining reaction of the cells but a striking difference in length of the chains which now consisted of but a few elements.
Further serial transplants served only to cause more complete dissociation until, at the end of the tenth day, no typical colonies could be obtained from any of the four strains. The cells were not transformed into different types but remained in the original form, so far as could be determined by size, shape, and staining reaction. Plates from the flasks after two weeks incubation showed about equal numbers of typical and variant colonies when plated immediately after shaking. Although some striking changes in morphology were observed in the cells from all flasks, but not from the tubes, the variant colonies from the two sources appeared to be identical.
It appears from these results that dissociation occurs during a phase of rapid growth and that cultures which are not transplanted serially consist of a mixture of original and variant types. Transplanting in series after sedimentation serves to select the variant types by purely mechanical means and to afford optimum conditions for further dissociation which eventually becomes complete.
Although much has been done previously on the factors which influence dissociation it appears to me that this phase of the subject is by no means finished. Certain results which are to be presented later conflict with previous reports and in some The subject of secondary colonies has received a great deal of attention since they were first reported by Gunther (1895) . It has been quite generally believed that secondary colonies denote dissociation and various theories have been advocated to explain their origin. Preisz (1904) seems to have proved that they originate in cultures of B. anthracis by the germination of spores. Both Stewart (1927) and Enderlein (1924) explain such colony formation as in some way connected with a sexual process. According to Enderlein, fusion of "spermit" and "oit" produces the fertile cell from which the colony originates. Stewart (1927) proposed a theory of sexual reproduction based on autogamy by which he explained not only the origin of secondary colonies but the cessation of growth of the parent colony as well. Hadley (1931) cites a case of secondary colony formation in B. typhi in which the origin was from gonidia or cells derived from gonidia. According to this view gonidia are produced only at certain stages of ontogeny when the cells have reached "reproductive maturity."
If this stage is reached in a liquid medium before plating out on agar, colonies of both the original and the so-called "G" type may appear, depending on the ability of the latter to grow on agar. But, if this state is reached among the cells of a colony on agar, then secondary colonies may arise from the gonidia. In an earlier report Hadley (1927) referred to a case of secondary colony formation in which the smooth parent colony gave rise to a rough variant form. The formation of secondary colonies on media containing fermentable carbon compounds which are not attacked by the parent strain has long been known and has been variously interpreted.
In the light of previous investigations, it seemed quite probable that the secondary colonies of B. mycoides might be identical with the more extreme variants obtained from broth cultures. Subsequent investigation failed to confirm this expectation. It should be noted that the secondary colonies in this case are obviously not of the "G" type since the cells invariably showed no marked variation from the normal rod. In old colonies there appeared to be more spiral rods than in the primary colony and spore formation was generally less abundant. Dilution plates were prepared from more than two hundred of the secondary colonies. A bit of the colony was taken up on the tip of a straight needle and suspended in broth from which the plates were then prepared. The colonies which developed on these plates were without exception identical with the original form. To say that strains isolated from the daughter colonies do not differ in any particular from the parent type might be questioned, but sociation. The effect of metabolic products on dissociation has been regarded as an important factor. Although the general question of isoinhibitory products has been studied extensively, differences of opinion have been expressed by Rahn (1906) , Henrici (1928) , Nadson and Adamovic (1910) , and others. But it is well known that certain species such as Pseudomonas fluorescens, Serratia marcescens and B. vulgatus cause marked inhibition of other species.
The effect of its own metabolic products on B. mycoides was studied by Nadson and Adamovic (1910) . The term dissociation had not come into use at that time and it appears that their results should be reinterpreted in the light of our present knowledge. They reported that old gelatin cultures which had been sterilized by heat, reinforced with fresh nutritive materials, adjusted to proper reaction, and solidified with agar gave colonies which resembled an actinomycete. They cultivated such strains for several generations without obtaining reversion. But similar strains may also be obtained from normal growth cultures as was shown by Nyberg (1929) and in the present study ( fig. 15 ).
In the experiments to determine effect of metabolic products B. mycoides strains B and C, Pseudomonas fluorescens, Serratia marcescens and a strain of B. subtilis which was previously known to be inhibitory were employed. Broth cultures of these in shallow layers were incubated for a period of thirty days at room temperature, filtered through filter paper, and sterilized at 15 pounds pressure. None of the strains of B. mycoides proved capable of growth in the Ps. fluorescens or B. subtilis broth and all were inhibited in the presence of 5 per cent of the former or 25 per cent of the latter added to fresh nutrient broth. Dissociation occurred but required a longer period of incubation than in control flasks containing plain broth. At the end of three weeks not more than 10 per cent of the colonies were of variant types. Similar results were obtained in the case of an aged culture of Serratia marcescens. In broth containing its own metabolic products without an addition of fresh nutrients, growth was inhibited and dissociation occurred at a slower rate. When restored to full nutritive value by addition of peptone and beef extract, growth was as vigorous and dissociation as rapid as in control flasks of nutrient broth.
A somewhat similar experiment was conducted in which sodium chloride 4.0 per cent, lithium chloride 0.25 per cent, brucine sulphate 0.5 per cent, morphine sulphate 0.5 per cent, cocaine hydrochloride 0.125 per cent, and mercuric chloride 0.002 per cent were added separately to plain extract peptone broth. Inhibition of growth was marked in all cases except with lithium chloride and morphine sulphate. In these two cases growth was normal and was accompanied by rapid dissociation, while the cultures in which growth was retarded gave also a slower rate of dissociation.
It is recognized that this is a complex problem and that no general conclusions should be drawn from such limited experiments. Attention in these experiments has been given especially to the rate of dissociation during an incubation period extending over a maximum period of not more than six weeks and generally less. It is also true that change in colony form was the sole standard applied for determining dissociation in these and all preceding experiments. The results therefore are not to be compared with those of earlier workers who have employed various chemicals successfully for the purpose of causing changes in physiological processes or pathogenicity. Other species such as pathogens and more active fermenters are much better suited to such investigation than the one being considered here. The evidence which I have obtained points to the conclusion that changes in the colony form of B. mycoides depend primarily on normal growth conditions. COLONIAL 
VARIATIONS
Because of its unique colony form B. mycoides is an especially satisfactory species for the study of colonial variations. The convenient terminology which has come into general use for denoting colony types as rough, smooth, phantom, intermediate or G is not very well suited for this species, but is applicable in a general way. The typical form is neither rough nor smooth in the sense which these terms are employed, while some of the more extreme variants could not be distinguished readily from the; rough colonies of B. subtilis.
JOURNAL OF BACTERIOLOGY, VOL. XXIV, NO. 5 I. M. LEWIS The type colony form to which all of the four strains conform has been described very well by Holzmuller (1909) and by Pringsheim (1924) . The salient features of such a colony are adherence to the agar, root-like threads which spread rapidly over the surface, and the characteristic right or left hand spiral symmetry. By aid of the microscope the mode of colony formation may be readily followed on ordinary petri dish cultures. For this purpose it is best to make use of a 2.0 per cent agar containing not more than one half the standard amount of nutrients and in shallow layers. A 16 mm. objective reveals most of the details but higher objectives including oil immersion may be used to advantage. By selecting fields near the center of a giant colony and moving progressively to the extreme edge, one has an opportunity to observe clearly a colony of bacteria in the making. The same is true for many of the variant types.
The most striking feature in the development of such a typical colony is the extreme length of the cell chains and their growth parallel to each other to form the main threads. Figure 19 , photographed with low magnification, shows the appearance of the main threads. They are smooth with no tendency to form loops or folds. As Graham-Smith (1910) .
During the course of the experiments already recorded, variant colonies were picked from the many plate cultures and transferred to agar tubes. They were generally replated after a few days incubation to determine purity and then stored at low temperature for further study. The entire collection was finally plated out and examined in order to cull out duplicates. By this process the total number was eventually reduced from more than three hundred to fifty, but there were still many duplications. These were then classified into the several variant types which are to be described here.
Variant type I resembles the original type strain in general appearance but has departed from it in two of the important characteristics noted above, namely, non-adherence to the agar and slight folding of the threads which gives it the beaded appearance. This type has retained the characteristic spiral habit without loss of symmetry (figs. 3 fig. 21 ). This appears to be the delta type of B. mycoides described by Holzmuller.
Variant type V is in every way similar to the preceding except in thickness of the mat. The whole colony is identical with the thin appendages and never shows more than scattered miniature colonies connected by finer threads ( fig. 21 ). This appears to be similar to the phantom type described by Soule (1927) for B. subtilis.
Variant type VI differs from IV in the total absence of appendages ( fig. 16 ). Very old colonies may put out a faintly growing fringe but are always markedly different from the preceding ( fig. 18 ). The edge of such a colony as well as the surface shows the extreme folding type of growth which is characteristic of the rough colonies of B. subtilis or B. vulgatus.
Variant type VII resembles the preceding but may be distinguished from it by differences in size and appearance and especially when viewed with the microscope. Young colonies are relatively snooth with entire edge. The threads no longer produce the characteristic bow-like folds and are much shorter. The internal structure is marked by beautiful striations. With age, regeneration at the edge reverts to the folding condition in which a partial symmetry may be noted ( fig. 13) fig. 15) . The central mat remains small and almost invisible during the first twenty-four hours and never reaches a diameter of more than 0.5 cm.
Variant IVa is an exact duplicate of the above but with no thread-like outgrowth whatever. The colony is a raised tough adherent mass which might be identified as B. adhaerens and appears to be the culmination of this series.
In this group of variants it again appears that a given tendency is followed through from beginning to end. Whether either series is linear in origin it is impossible to say definitely but the evidence favors this theory. Experiments have shown that any of the types, except the smooth number VII may be further changed by serial cultivation in broth. But these cultures like cultures of the original may consist of a mixture of several types. In a medium, such as milk, where the process is slowed down this is more evident. In liquid media the change is always in the direction of the smooth type. The several types of the adherent series have given rise to types of the non-adherent series on serial cultivation with final culmination in the smooth type. That the non-adherent series -is unbranched while the adherent one branches at any point into the other there appears to be little doubt.
The results thus far reported appear to agree very well with those of some others who have worked with various species of the genus, such as Soule (1927) I have seen no such reversion from any other type of this series nor has it been possible to obtain reversion by experimental methods. These included serial cultivatioD in liquid media of various formulae, cultivation on agar serially at 160, 250 and 30°C. and isolation from the margin of colonies. It was thought possible that serial cultivation in liquid media might cause reversion since this has been shown to be true in some, but not all, species previously treated by others. The method of plating in this case was reversed by preparing plates immediately after shaking the tubes. Broth of standard formula, broth diluted twenty times, milk and nahrstoff were tested but no typical colonies were ever obtained in as many as fifty transplants. Cultivation on agar poor and rich in nutrients and varying amounts of agar as high as 4.5 per cent was without effect. The one method which has appeared to be most uniformly successful with other species, namely, cultivation in homologous immune serum, has not caused reversion thus far. This may have been due to the fact that a serum of high titer has not been obtained for the smoother strains.
All strains of the adherent series revert to the original when cultivated on standard nutrient agar at room temperature. Old agar cultures were generally found to consist of a mixture of the variant strains and the original. Types la-IVa could be kept true to type only by plating out and selecting a typical colony of the variant. fig. 14) . Here it may be seen that the filaments of cells break instead of forming loops, but the main threads are no longer arranged in symmetrical spirals. The spiral arrangement of the threads has not as yet been satisfactorily explained although the subject has been extensively studied by Pringsheim (1924) and others. That this loss of symmetry is the chief factor in the formation of adherent variants seems to be obvious.
PHYSIOLOGIC VARIATION
To what extent changes in physiological processes are involved in the several variant forms has been studied experimentally. The four type strns and two strains each of the several variant types were included. Tests were made to determine liquefaction of gelation, effect on milk, and fermentation of the following compounds: sucrose, lactose, maltose, glucose, dextrin, salicin, glycerol, amygdalin, dulcitol, xylose, levulose and arbutin.
Slight differences in the rate of gelatin liquefaction were ob- served but all type strains and variants were found positive. The effect on milk appears to depend on its quality as has previously been shown by Nyberg (1929) . In tubes prepared from market milk of unknown quality all strains caused complete coagulation without acid formation at the end of ten days. Peptonization, partial or complete, followed. Differences were not well marked. In a second test, fresh milk of high bacterial quality containing not more than 10,000 bacteria per cubic centimeter was used. In this case peptonization but no coagulation or acid formation occurred. These tests showed no significant differences between parent and variant strains but serve to emphasize the fact that coagulation of milk is dependent not on the bacteria alone but on the quality of the milk itself as well. A further feature which may be noted, both in embryonic and mature cells, when stained by vital methods is a deeply stained cap at either pole of the cell. These were described for B. mycoades by Amato (1909) who thought they consisted of nuclear material in the process of mitotic division. Similar observations were recorded by Mencl (1907) for B. gammari. The caps may be observed at times also in material stained by Gram's method. They appear to be the two new closing membranes formed when a cell divides. The side membranes are not constricted but bound a colorless space between the daughter cells.
Under suitable conditions for sporulation the mature cells may become almost universally transformed to endospores, in which case no further morphologic variation occurs. But such general spore formation may fail, due either to intrinsic or extrinsic conditions. In this case senescent cells of various types occur. The term, senescent cells, will doubtless be rejected by many and is accepted here only with certain reservations.
The origin and subsequent behavior of these cells is the most critical point in the long controversy which has existed between monomorphists and pleomorphists. The term "senescent" does not appear to be objectionable when employed to denote the phase of growth or age of the cells themselves, but since it implies not only old age but approaching death some objections may be offered. It does not appear to have been shown conclu-sively that all such cells are senescent in the strict sense of the term. The old term, pleomorphic cells, appears to me preferable until such a time as more definite knowledge is available concerning their origin and function. It may be noted that such cells are frequently present in cultures long after the usual type of embryonic cell and the mature type have disappeared. In such cases they are often more like embryonic cells in structure and might well serve to carry on the life of the culture. The term "dauer cells" might not, therefore, be inapplicable in many cases.
Many mature cells die without transformation either into endosporangia or into any of the several pleomorphic types. Such is often a pronounced feature in this species. Pleomorphic cells are invariably present, at least in small numbers, in all old cultures but they are more numerous when spore formation is retarded or suppressed. They are therefore most abundant in agar cultures containing sugars or glycerol or in deep broth cultures where aeration is not suitable for spore formation. They may be observed in situ or in prepared films. Each method has some advantages.
The several types of pleomorphic cells are well known. Henrici (1928) fig. 31) . Pseudococci may arise also by binary fission. Such cells are generally recognized by the fact that they are never true spheres. At times they may be oval, much shorter than typical rods, with slightly rounded ends or they may be decidedly flattened on the contiguous surfaces. Long chains of such cells are not uncommon ( fig. 33 ). I have seen no cases in which pseudococci arose by lateral buds, by formation within the mother cell or as regenerative bodies as described by L6hnis (1921) .
All attempts to isolate strains of cocci from cultures in which such cells are abundant resulted in failure. They could not maintain this form in fresh media but invariably grew out into typical rods at once. These cells do not appear to be senescent in the sense the term is generally employed. They stain deeply with simple aqueous dyes and are strongly Gram-positive. Absence of granules and the staining capacity place them as more like true embryonic cells except in shape.
Giant yeast-like cells frequently predominate over all other types in old cultures. They have been noted in great abundance in many of the mucoid variant strains when grown on agar containing sucrose or glucose ( fig. 36 ). They are likewise invariably produced in great numbers in very shallow layers of broth in flasks. These cells may become very large, almost spherical or somewhat elongated. At times such cells occur in pairs which seems to indicate a belated division (figs. 29 and 36). They may also form one or more bud-like cells ( fig. 30 ). Obviously these are the cells which have been designated by Lohnis and others as "gonidiangia." They have also been designated as zygotes, asci, "oits" or chlamydospores. Like the pseudococci described above, they stain deeply by vital methods and are uniformly Gram-positive. I wet mounts stained or unstained. So far as staining reaction and presence of granules might indicate, they have more the characteristics of embryonic than of mature cells. A bit of material containing such cells may be transferred from agar to fresh broth and examined at regular intervals to determine their behavior in fresh media. The beginning growth appears budlike, not infrequently at either end, but the buds lengthen out to become typical rod-like cells. I have seen no evidence that these cells arise through cell fusions such as those described by Mellon (1925) for B. coli and by Potthoff (1924) for Chromatium. Neither do they appear to be "oits" as claimed by Enderlein (1925) for Vibrio cholera. My observations are in better accord with those of Bergstrand (1923) for Corynebacterium diphtheriae. If any special name is required for such cells, I would prefer the term, chlamydospore, of Bergstrand but this does not appear necessary to me and in some respects I regard it as objectionable.
The term, chlamydospore, has been used by mycologists to designate reproductive cells in which the differentiation is much more pronounced. The cell membrane has not been observed to thicken and the cell has no such definite characteristics as the well known chlamydospores. Further, I have not infrequently observed that such cells may function as belated endosporangia long after the period of general sporulation has passed. Such sporangia are easily recognized by their size and deep staining properties. A similar observation was made by Grohmann (1924) for other species. Thus it appears that they have not become truly differentiated cells. In very old cultures some of these cells become less deeply stained and more or less autolysed and now appear to be truly senescent in the sense that death is approaching or has already occurred. These appear to be the cysts or involution cells of some writers.
Greatly enlarged rod-like cells ( fig. 35) A further type of cell formation which has been frequently described but which I have not been able to observe with certainty is by internal division of the mother cell which may be either a normal rod or a swollen cell designated as the gonidiangium. That the large yeast-like cells described above do not function in this manner in this species, I regard as certain. The material for examination has been abundant, the cells are large and repeated observations have been made. Neither have the so-called lateral buds attached to cells nor gemmules borne within vegetative cells been certainly identified.
That this is a most difficult point to determine definitely is generally recognized. The literature of this subject has been fully reviewed by Lohnis (1921) and more recently by Hadley, Delves and Klimek (1931) . It may be seen from these reviews that the evidence is conificting and much of it was taken from uncritical work of earlier periods. That various structures including artefacts, the various reserve granules, Gram-positive ectoplasm attached or detached from the surface, shrunken and balled up protoplasts have been confused with true conidia there appears but little reason to doubt. An examination of fixed films stained by Gram's method soon convinced me that conclusions based on this method of study are wholly without value. Hadley, Delves and Klimek (1931) have suggested that gonidia are formed in bacteria at certain stages only after the vegetative cells have reached "reproductive maturity," and could not therefore be observed except at certain favorable periods of ontogeny. According to these authors, such stages occur after long periods of vegetative activity, best provided by serial transplants in broth tubes. When the proper period of ontogenetic maturity has been reached, gonidia are formed and a new cyclostage is established. Formation of gonidia is not again to be expected until the complete cyclogeny of the species has occurred. This appears to be in strict accord with the broad outlines of the well known theory of bacterial cyclogeny proposed by Enderlein (1925) but lacking in the details of nuclear behavior. It would appear to cast some doubt on the earlier work in which gonidia seem to have been shown in any and all kinds of cultures.
A further question in regard to morphologic variation concerns the symplastic theory first proposed by Lohnis and Smith (1916) .
Search of the literature fails to reveal much evidence for or against this theory but such opinions as have been expressed appear to be about equally divided. It has been accepted by Enderlein (1925) , Almquist (1922) , Lieske (1926) , and Meyn (1931) while the term has been used loosely by some writers to denote the zoogleal residue of old cultures without offering an opinion as to its real nature. No support was found by Nyberg (1927 ), Bergstrand (1923 or Rosen (1928) .
In all old broth cultures of B. mycoides there is a copious somewhat slimy zoogleal deposit which persists for long periods of time. In cultures held at room temperature for more than a year, no very great changes could be noted. Exami ation of such material has invariably revealed the presence of cellular elements and transplants to fresh media have resulted in colonies of the original parent strain as well as of variant types.
Whether or not there is continued activity resulting in dissolution into an amorphous living mass, from which new cells are organized by a process of regeneration, it is impossible to determine with certainty from such material. The evidence appears to me highly doubtful. When agar cultures are examined in situ there seems but little doubt that such a process is wholly lacking. Old agar plate cultures have been examined after having been protected against drying out and held at room temperature for periods as long as six months. The spore chains may be observed lying in long parallel threads with no visible changes. Similarly the several types of pleomorphic cells noted above may be seen and, to all appearance, they are the identical cells formed during the active growth period. In one strain only, secondary colony formation occurred ( fig. 24) . No other signs of regenerative activity could be noted.
It is somewhat surprising that such an important and far reaching theory should have received such slight attention at the hands of bacteriologists and biologists in general. It is evident that Lohnis meant to include both fungi and protozoa as well as the bacteria in the group of symplasm-forming organisms. His language is unmistakable: "Sooner or later many cells of bacteria, fungi, and protozoa may dissolve, or according to a frequently used expression-autolysis may take place. This may mean death to the organms but by no means always. If the observations are continued, new development may become visible in these amorphous residues, and new cells may be evolved similar to or different from those of the preceding generation" (L6hnis and Fred, 1923, p. 32) . If such a method of cell regeneration from a formless mass of protoplasm can be shown in any of these groups of organisms it will then become necessary to revise the biological doctrine of cell continuity. While this is not offered as sufficient grounds for rejection of the theory it should point the way to caution in accepting it for cell continuity has appeared to be an established fact. The symplastic theory of cell disorganization and reorganization appears to me to be based on a confusion of the sequence of events in ordinary cytomorphosis, autolysis and death.
FILTERABILITY
Although some species of bacteria are known to be filterable in the ordinary vegetative condition, bacteriologists as a rule have been slow to accept the notion that a filterable stage occurs generally as a normal phase in a life cycle more complicated than we have been accustomed to accept. That such a phase might occur under some conditions, with or without the full cyclogenic significance attached to it by some writers seems not impossible.
The recent experimental work of , Sherman (1931) , and Hadley, Delves and Klimek (1931) indicates that filterability may be a much more common characteristic of bacteria under certain conditions of cultivation than had hitherto been believed. But that all or even many species of bacteria are at times both filterable and characterized by a cyclogenic mode of development seems to be an assumption unwarranted by known facts.
B. mycoides has been cited by Hadley, Delves and Klimek (1931) as one of the three species for which such a complete cyclogenic ontogeny is definitely known. They referred to the earlier paper by Oesterle and Stahl (1930) . The two additional species noted in this list were Azotobacter, Lohnis (1923) The term, life cycle, has come into such general use that I venture to discuss it now in its application to B. mycoides. When colonial variation alone is considered, it has been shown that the transformations in form are orderly and that the sequences may be readily followed from the original basic type form toward a definite predetermined type with which the process terminates. The two extreme forms are connected by a complete series of intermediates. I think no one can view the evidence without accepting it thus far (plates 1 to 3). Such variation is obviously not in harmony with the well known principles of DeVries, Darwin or Mendel but is not unlike the method known as orthogenesis-continuous variation in a predetermined direction. Examples of such variation are not unknown but on the contrary are frequently met in such well known plants as the Boston sword fern, Nephrolepsis exaltata-bostoniensmi. Thus far considered, the process of dissociation appears to meet the requirements of a true cyclogeny, but in the matter of reversion I have not been able to show such a well marked chain of events leading back in reverse order to the original basic form. Such reversions as have be'en noted, inidicate a slight but not very definite tendency in this direction. The evidence, therefore, must be regarded as giving but doubtful support to cyclogeny as the term is generally employed.
When morphologic variation is considered, it is impossible to see any support whatever for the theory of cyclogeny. The cells of the original type strains and their variants are similar in shape, size, structure, and functions. There is no transformation, progressive and orderly or otherwise, from a basic cell type to cells of a different order which are capable of propagation in a pure state. Morphologic variation has been seen in all aged cultures but the variant cells failed to maintain their form in fresh culture media. Accordingly they cannot be regarded as cell types which have any special significance in reproduction, heredity or cyclogeny. Colonial variation and morphologic variation are not correlated. The differences in colony form are due to the manner of cell aggregation within the colony rather than to differences in the individual cells of which the colony is composed. The absence of a filterable stage, together with the observed facts of reversion, morphologic and colonial variation, force me to conclude that B. mycoides affords no support for the theory of a complex life history through which the organism must pass in a complete cycle of development.
In the present state of knowledge concerning a sexual method of reproduction in bacteria, it seems scarcely necessary to discuss Nyberg' Four typical strains have been studied as to dissociation, pleomorphism, filterability, and life cycle. The type strains showed minor differences as to colony characteristics but uniformity in morphological and physiological characteristics, and in the phenomena of dissociation.
Dissociation occurred in some but not all of the liquid media tested, but not on agar. The rate of dissociation depends on several factors. The most important of these were found to be the temperature of incubation and a culture medium suitable for rapid growth. The rate was generally retarded by depleted media, metabolic products, low temperature, inhibitory chemicals, and media poor in nutrients.
The typical colony is unique in form and any departures however slight may be observed by direct microscopic examination. The characteristic features are adherence to the agar, long parallel filaments of cells which aggregate to form rhizoid-like threads, and a more or less regular spiral symmetry. The chains of cells never form loops or folds but break at a sharp angle. Two series of variants were found to occur in all the type strains. These may be designated as adherent or non-adherent. In either case there is progressive orderly variation in one direction. The variants are relatively stable on agar but not in broth. Non-adherent variants failed to revert to the original type while such reversion occurred in all adherent strains when cultivated on agar. Non-adherence is always correlated with looping rather than breaking of the threads at sharp angles. All variants and the type strains were found to be similar in morphological and physiological characteristics.
Pleomorphism is a marked feature in all aged cultures. The variant types of cells are not regarded as specialized reproductive cells either asexual or sexual. No convincing evidence could be found to support the theory of reproduction by means of gonidia, symplasm, or conjugation. This conclusion is based principally on the results of direct examination of the growth in situ. All attempts to obtain growth from the filtrates of liquid cultures resulted in failure.
The evidence in favor of a cyclogenetic mode of development is mostly negative. Colonial polymorphism is regarded as due to orthogenetic variation. The environmental conditions under which variation occurs as well as the sequence of events and a possible mechanism have been discussed. 
